INTRODUCTION
Purpose. This paper is designed primarily as an introduction to an analytical method of dealing systematically and quantitatively with sediments found in prehistoric archaeological sites, especially those >ccurring in caves and rockshelters. This is a rather young discipline the use of which is expanding widely; it developed in western Europe only in the 195Os, but its seeds had been planted just before the Second World War by R. Lais (1941) . Its development and use have evolved greatly in the last 10 yr, almost exclusively in western and central Europe where regional or personal variations in methodology have sprung up (Bonifay, 1956; Lumley, 1969; Laville, 1964 Laville, , 1971 Miskovsky, 1971all in France; Schmid, 1958-in Switzerland; Brunnacker and Streit, 1967-in Germany; Vertes, 1959-in Hungary) . Recently a 3-day symposium, held in Nice, France, was devoted entirely to this subject; this was organized by H. de Lumley and the proceedings will be published in the Bulletin of the Association FranCaise pour l%tude du Quaternaire.
None of these basic works are available in English, although much abbreviated summaries of some of the methods can be found in English language works, e.g., by Schmid in Brothwell and Higgs, 1969; in Butzer, 1971 ; and most recently by Bordes, 1972 . Therefore, the purpose of this paper is to expose in some detail the techniques employed in such analysis and to discuss some of the more important interpretations that can be drawn from the resulting data. The methods discussed are derived primarily from the fundamentals laid down by Eugene Bonifay in his several publications beginning in 1952, and the Abri Pataud in France will serve as a specific example of analyses made and interpretations drawn. Limitations of space do not permit me, however, to enter into all the details of the sedimentological work (Farrand, "in press ) carried out at the Abri Pataud. The inter-ested reader will soon be able to consult the full account of the Harvard University excavations at that site, directed by H. L. Movius, Jr.
The Abri Patuud. The Abri Pataud, was, during the time it was occupied by prehistoric man, a rockshelter or abrisous-roche, that is, an undercut reentrant along the base of a bedrock cliff in which man or beast could find shelter from the elements by virtue of the overhanging bedrock roof. The Abri Pataud is located in the village of Les-Eyzies-de-Tayac (Dordogne), southwestern France and is situated along the base of south-southwestward facing limestone cliffs that border the floodplain of the Vezere River (Fig. 1) .
The overhanging rock ledge that formed the Abri Pataud during Upper Paleolithic times apparently developed in a manner similar to the numerous rockshelters that presently exist along the Vezere valley, specifically by differential weathering of EAST \ the bedrock. Once formed, a rockshelter will begin to accumulate a sedimentary fill, and under a climate similar to that of southwestern France during glacial times this fill will consist of limestone debris (dboulis) resulting from solution and frost weathering of the ceiling and walls, as well as of sediments brought in from outside the shelter by running water, the wind, or human beings. At the Abri Pataud the total average thickness of the strata is 8.8 m (Fig. 2 ) and its rate of accumulation was as great as loo-182 cm/1000 yr at times, although interruptions for soil-forming intervals reduce the overall average rate to 55 cm/1000 yr between 34,000 and 20,000 y. a. (Farrand, in press; Movius, 1972) .
Strutigruphy.
The stratigraphic succession in the Abri Pataud is given in Table 1 at the end of this article. Each archaeologically rich horizon has been designated a "level" and numbered serially from top to bottom of the section. The Only Levels 4 and 5 are shown; note that they dip both inward and outward from the area of large roof falls. Vezere sand (stipled) is exposed in the bottom of the 1953 trench at the same altitude as the surface of the modern Vezere floodplain, which is not shown but abuts the departmental road immediately to the west of this section.
Note also that the bedrock floor of the abri rises in stepwise fashion toward the inner wall, each step representing a period of retreat of the back wall. The barn wall is artificially cut into the rock. by man the macroflora and macrofauna incorporated in the strata may have been strongly influenced by the habits and particularly the diet of the inhabitants; microflora (pollen) is lacking in many cases because of poor preservation; and the job of washing and screening for a large sample of microfauna may be rather time consuming.
On the other hand, the sedimentary framework in which the artifacts are found is always present and has been found to be quite amenable to paleoclimatological interpretation in certain areas. If pollen and microfauna are also present, then there is the possibility of independent checks on the interpretation. Paleoclimatic interpretation of the sediments is based on two groups of variables: (a) those concerning the character of the sediment as it originally accumulated, and (b) those concerning the changes, mainly weathering, undergone by the sediment since it was deposited. In extreme cases, the latter may completely mask the former, although in the usual case some aspects of the original . sediment can be observed in spite of the changes imposed by weathering.
In addition, both (a) and (b) may be conditioned by the presence of human habitation, and some estimate of the human influence must enter into the interpretation.
In this study the parameters studied under category (a) are granulometry, degree of sorting, abundance of travertine concretions, heavy minerals, and the human input. In category (b) they are the abundance of clay-size fraction, variations in clay mineralogy (in part), rounding and porosity of the stone fraction, abundance of soil concretions, calcimetry, and pH of the fine fraction.
Sampling
Ideally geological sampling of the sediments should be done by the geologist simultaneously with the archaeological excavation.
In practice this is often not possible, and samples must be taken from sections remaining after the conclusion of the excavation, as was the case for the majority of samples studied here.
Another complication in dealing with rockshelter and cave sediments is their coarseness. All sizes of rock debris from clay particles to rock fragments measuring several meters on a side may be included in a given stratum. There is nevertheless a practical limit to the size of rock fragments that can be taken to the laboratory. Bonifay (1956) chose a longest dimension of 10 cm as the upper limit of materials submitted to laboratory tests, and this arbitrary limit has been adopted by Laville (1964) and by us for this study. However, even this relatively small size limit imposes the necessity of taking relatively large samples, commonly lo-20 kg, in order to assure an adequate statistical sample of the larger fragments.
At the Abri Pataud we collected 18 different series (columns) of samples, numbered AP 1 through AP 18. Individual samples within each series are numbered consecutively from top to bot- tom of the sampling column, e.g., AP 5-1, AP 5-2, etc. The exact stratigraphic position of the various samples can be seen in Fig. 2 . 'Typical sampling columns are shown in Fig. 3 . The thickness of an individual sample and the vertical interval between samples in a given column were dictated by the degree of vertical variation in the sediments apparent in the field. The sediment was loosened with a small pick and a brush, and care was taken not to break up the rock fragments in the process. All rock fragments within the sample area that were larger than 10 cm were noted, measured, and discarded.
Field Analysis
Preliminary treatment of the sample was effected in the field and consisted of the following steps:
a. The total sample (< 100 mm particle size) was spread out on a canvas or 7 FIG. 3B plastic sheet and allowed to dry in the Sun to a constant weight; any particular fragile bone fragments or flints were separated at this time; then the sample (including the fragile materials) was weighed.
b. The entire sample was then sieved dry through two nested l&in.-diam sieves, one with a lo-mm screen and the other with a 2-mm screen; after collecting a l-or 2-kg sample of the fraction finer than 2 mm, we washed the material retained on the two sieves in order to remove any fines, especially clay, that adhered to the larger rock fragments; the material on the sieves was again dried and weighed; the result of this operation was to divide the total sample into three fractions: Fraction A, comprising sediment between 100 and 10 mm, Fraction B, the sediment between 10 and 2 mm, and Fraction C, the sediment finer than 2 mm. The B fraction, which consists primarily of small limestone fragments between 10 and 2 mm, was not studied in detail because the small size of the fragments makes them difficult to manipulate.
The B fraction enters into the granulometric analysis only.
For our purposes the total A + B fraction has been subdivided as follows' : Granulometry. In the laboratory a 2-4mm =-lto-24 4-8 =-2to-3 8-16
=-3to-4 16-32 =-4to-5 32-64 =-5to-6 64-96 =-6 to-6.5
This is a slight deviation from the Bonifay method, but is considered preferable in order to display the data in statistically valid form, for example, the histograms in Fig. 5 . For future studies, it is suggested that 128 mm (-7 4) instead of 100 mm be used as the upper limit for stone fragments collected for laboratory analysis, and that field sieving be carried out with screens of 16 mm (-4 q) or 8 mm (-3 4) and 2 mm (-1 4). This will eliminate the limits of 100 and 10 mm, which fall at awkward intervals on the phi scale.
Roundness. Next, the stones in each size class of each sample were evaluated for roundness.
Roundness in general terms refers to the degree of blunting of originally angular edges of a rock fragment and is @dependent of the overall shape of the fragment.
The scale of roundness goes from very angular to very well rounded.
It was decided to divide the rock fragments simply into four roundness classes by visual inspection (see Fig. 4 ) in a manner similar to the Power's roundness scale (see Folk, 1968, p. 11) . First, the end members of the roundness ' spectrum were isolated, namely, those fragments with only angular corners (Class 0) and those fragments with only rounded corners (Class.3). The remaining fragments were separated into intermediate categories, those fragments with more angular corners than rounded corners (Class 1) and those fragments with more rounded corners than angular ones (Class 2). Reproducibility of roundness determinations under this system was evaluated by repeated determinations on the same sample by the same person and by different persons and found to be satisfactow.
The class number assigned to each category may be used in the calculation of a roundness index, as done by Bonifay (1956) , but it was found that a single numerical value masked some of the information that could be shown in graphical form, as in Fig. 2 .
Porosity.
The porosity of rock fragments in each sample was also measured, once again using a method of Bonifay (1956) that consists of immersing dry rock fragments in water until saturated (usually 2 hr), weighing them while saturated and then weighing them once again after drying to constant weight. Porosity was measured systematically on all fragments between 30 and 50 mm diam in all samples in order to limit the sample to a size range abundantly represented in all the samples. Porosity throughout the Abri Pataud section has a range of values lying between 1 and 10% by weight (Fig. 2) .
Concretions.
The rock fragments were also inspected for traces of concretionary coatings.
Two kinds of such coatings were found: (a) a travertine-like concretionary layer formed on the limestone fragments before they were completely detached from the bedrock wall and (b) a chalky soil carbonate that formed on the fragments after they had become part of the sedimentary fill on the floor of the abri. The former could be recognized by its smooth or mamillary surface, slightly more pinkish or orange in color than the limestone itself. In most cases this travertine formed only a very thin film (less than a millimeter thick), but in a few cases it was distinctly more prominent (e.g., AP 5-6, AP 10-23, AP 6-l). In all cases where present it was strictly limited to one face of a rock fragment, and on that face it terminated abruptly at the freshly broken edges. Furthermore, on certain fragments one face, weathered and somewhat rounded, could be identified as part of the former surface of the bedrock wall and the opposite face, bounded by fresh, angular edges, identi- mentioned above, consisted of chalky white or dense, dull grayish-white carbonate forming a discontinuous coating on one or several faces of a rock fragment.
In cases where this kind of concretion was rather heavy, it generally cemented together sand and silt grains from the sedimentary matrix, and thus had a granular and dirty appearance. On the other hand, on those rock fragments on which this type of concretion was weakly developed it commonly took the form of chalky dendritic patterns apparently related to plant rootlets. This type of concretion is similar to that called concrktions s (= sol) by Bonifay (1956) , and because of its correlation with other evidence of weathering as well as its similarity to secondary soil carbonate (e.g., in a Cca horizon) it is considered to mark the presence of a pedogenic horizon within the sediments. because they constitute the bulk of each sample (90-100%) and because they are the major rock-forming components in the limestone bedrock of the region. The SiOs, AlzOs, and Fe,Os increased severalfold in all beds that seemed to have undergone weathering.
These variations can be explained simply as the result of greater or lesser decalcification of eboulis that originally had approximately the same chemical composition throughout the section. This relationship is shown in Fig. 6 . The "clay mineral,"
SiOs and FezOs do increase in the weathered horizons relative to the CaCOs-content of these horizons, but there is no absolute increase in these components.
Calcium Carbonate and PH. CaCOsequivalent and pH were measured on the fine fraction of all the samples. The CaCO,-equivalent was determined by re-
Progressive change in mineralogy of eboulis samples through weathering. Solid straight lines show the calculated change that would be produced by the simple decalcification of bedrock, specifically sample AP 9-2. The major elements are grouped as "clay mineral" (AlgO, + SiOp in the ratio l/3), "excess SiOz"
(essentially quartz) which is the total SiOl in a given sample less than the SiOz used in the calculation of "clay mineral," and "FePOa."
The percentages of these compounds are plotted against the percentage of CaCOa in each sample. The points show the actual analyses of Bboulis samples from the abri sediments. The scatter of the points is apparently due to minor variations in the composition of the bedrock and to the removal of some of the weathering products by ground water.
acting a representative sample of sediment finer than 0.125 mm diam with HCl until reaction ceased. This size fraction only was analyzed in the interests of economy of time and materials since it has been shown for similar nearby deposits that nearly all the variation in calcimetry is explained by variation in the finer part of the C fraction (Laville, 1964, p. 44) . However, this is a generalization that cannot be widely applied without additional verification. The values of "CaCO, -equivalent" range from about 90% (in the lower half of the section) to near 20% in the most strongly weathered layers (Eboulis 3/4:Red and Level 5-base).
The pH of a slurry of the total C fraction in distilled water was determined by means of a pH meter.
The pH values, which range between 8.5 and 10, show very little agreement with the CaCOs values (see Fig. 2 ). However, an evaluation of the interrelationships of CaCO,, pH, intensity of habitation and of weathering (Farrand, in press) showed several important relations that can be summarized only briefly here. Rather clearly there is no systematic difference in CaCOs-content between habitation levels and sterile eboulis; high and low values are found in both. Secondly, there is a distinct tendency for habitation levels to show a more acid pH than that found in the eboulis.
Seven out of eight samples with pH <8.9 come from occupation levels, whereas only 3 of 17 samples with pH >9.4 are from occupation levels. Thus, it seems warranted to suggest that human wastes and garbage tend to produce more acid conditions in the sediments of habitation levels. Thirdly, samples that come from weathered layers or from layers with concretionary soil carbonate exhibit a distinctly lower percentage of CaCO, than layers that are lacking in indicators of postsedimentary alteration (Fig. 2) . Samples with indicators of weathering or soil carbonate ac-count for 23 out of 31 samples with less than 66% CaCO,.
In contrast, only 2 samples out of 28 with more than 65% CaCOs show any obvious signs of alteration, and in both cases (Sample AP 17-5 and 6-1) it is a question of soil carbonate that may have simply been translocated from overlying horizons and thus may not reflect weathering in situ.
Therefore, one can draw the conclusions that (a) human occupational layers tend to have relatively low pH values and (b) weathered layers tend to have reduced CaCO, values.
However, since there is a fairly large overlap in the pH ranges, the first generalization cannot be applied indiscriminately;
a fairly large number of samples is necessary for its correct application.
The second conclusion seems more decisive and easier to apply, although there is a little overlap with values from unweathered layers. Unfortunately these generalizations are not mutually exclusive.
Abri Pataud sediments were identified by two French laboratories specializing in these subjects.
The clay minerals were identified by Mlle Helene Paquet in the laboratory of Professor Georges Millot at Strasbourg.
The three major families of clay minerals in the fraction finer than 0.002 mm have been identified, and their abundance relative to total clay minerals has been estimated to the nearest 10% (third column from the right in Fig. 2 where "Man" is montmorillonite and "Kc" is kaolinite with perhaps minor quantities of chlorite).
Kaolinite is in general the least abundant and the least variable of the three mineral groups. The average abundance and variation in 60 samples of sediment and bedrock are as follows: The clay minerals and in illite, there is a concomitant decrease heavy minerals in the C fraction of the in montmorillonite, the value of kaolinite ANATASE-W  I  :  I  I  I  I  I  I  I  I  I  I  I  n   RUTILE-I  I  I  I,  I  I   I  I  I  I  /  I  I   ZIRCON-I  I  I   III1  I  I  I  III   I The determinations, by Madame M. Ters, Paris, were made on the 50-to 500-pm fraction of the sediments.
being almost constant from sample to sample. Under the humid, temperate climate of western Europe-both now and during the last glaciation-montmorillonite is the clay mineral most susceptible to weathering, and kaolinite is the least susceptible (Millot, 1964, pp. 127-128) .
Therefore, on the basis of clay minerals alone, beds with relatively high values of montmorillonite and low values of illite (less than 40%) can be interpreted as having undergone little or no weathering, and vice versa. The limestone that gave rise to the bulk of these sediments contains 40% montmorillonite, 40-60s illite, and O-20% kaolinite.
Heavy minerals. The heavy minerals in the Abri Pataud sediments were studied by Madame Mireille Ters in Paris; the fraction between 50 and 500 pm was examined and the results are presented in Fig. 7 . The 16 samples represent typical sediments from the abri as well as of limestone bedrock, fluvial sand from the V&&e floodplain, the Sables du P&igord. (The latter are residual sands of Eocene age that cover much of the limestone plateaus in the Perigord region.) The samples could be separated into three groups on the basis of their heavy mineral suites. The first group is characterized by relatively high amounts of anatase, zircon, tourmaline, and staurolite; the second group contains abundant hornblende and garnet and very little of the first four mentioned minerals; the third group is intermediate, having a mixture of those minerals characterizing the first two suites.
The essential problem to be attacked by the study of the heavy minerals was not one of paleoclimate; but of the provenience of the sandy matrix of the abri sediment. Certain strata, notably the basal part of Level 5 and Eboulis 5/6, are conspicuously sandy, the sand being composed predominantly of quartz and mica. The limestone bedrock is also rather sandy, both quartz and mica being quite conspicuous in hand specimens. Therefore, it was first proposed that the sandy matrix between the limestone fragments was simply the product of disintegration by freeze-thaw and by solution of the limestone.
However, in spite of this superficial similarity between the sand originating from the disintegration of the bedrock and that found in the eboulis, heavy mineral analysis showed a preponderance of hornblende in certain samples, and it is extremely unlikely that great quantities of hornblende could have come from the limestone.
On the other hand, the Vezere sand is rich in hornblende and garnet.
The clear opposition of the heavy mineral suites of the bedrock and of the Vezere sand facilitates the interpretation of provenience considerably. The VUre suite (Fig. 7) is represented by AP 15-l (floodplain sand) and six samples nearly identical to it. The sandy matrix of those samples must have been derived in large part from the Vezere floodplain, apparently by wind transport since there is no evidence of the action of running water in the abri. The limestone suite is characterized by the two bedrock samples, AP 9-2, and AP 10-11, and it is approximated by four sediment samples (AP 2-2, 10-10, 5-6, and 13-9). However, these latter four samples appear to be mixtures of the V&z&e suite and of the pure limestone suite. They contain the four minerals that dominate the limestone, but also a moderate amount of hornblende and some garnet that could not have come from the limestone. Thus, we can speak also of a mixed suite of heavy minerals.
Therefore, one can conclude that the sandy sediments represented by samples labeled "Vezere suite" (Fig. 7) were derived predominantly from the Vezbre floodplain by wind action. On the other hand, the other four "mixed" samples represent sandy sediments derived primarily from disintegration of the bedrock but containing some contribution of sand blown from the floodplain. No sample of eboulis matrix that was analyzed shows a heavy mineral suite that could have been derived exclusively from the limestone bedrock. Thus one can conclude that eolian activity was continuously present, but that its intensity varied considerably with time.
DISCUSSION
OF THE RESULTS
Presentation of Results
The results of the analyses discussed are displayed primarily in the form of a chart (Fig. 2) on which the variation of each parameter is plotted with respect to its stratigraphic position in the site. In this manner one can readily observe the simultaneous changes in the character of the sediments as a function of time.
The stratigraphic variation of the detailed granulometry is given in Fig. 5 .
Formation of the A bri Sediments
In the absence of any indication of the activity of running water within the Abri Pataud sediments, the sources of the sedimentary fill are threefold:
(a) break-up of the surrounding bedrock (b) windblown debris (c) debris introduced by the human inhabitants. Volumetrically, the first of these is by far the most important; the second is an important contributor to the sandy matrix of certain strata and perhaps played at least a minor role in the buildup of all strata; the third type of debris is volumetrically unimportant except in certain rich occupational horizons.
Human Debris. Treating these three sources of sediment in inverse order, it is easy to see that human occupational debris can be readily identified.
Its presence is, after all, the reason for the excavation in the first place. Human bones, flint tools and chipping debris, exotic stones (mainly quartz and quartzite pebbles from the Vezere), and art work (engravings and painting) are obviously the result of habitation of the abri. The remains of bones of large animals may or may not have been brought in by the human inhabitants. However, the fact that they are found nearly exclusively in the occupational levels suggests strongly that the bones were introduced by man. In terms of our sedimentological study the occupational debris in the 100-10 mm fraction of our samples was called the "D fraction," and its abundance has been plotted in the extreme right column of Fig. 2 . The D fraction, however, is not a very reliable guide to the intensity of habitation.
The living area at any given time in the past was not uniformly distributed over the area that was excavated. Moreover, the sampling columns were so chosen as to avoid the richest parts of the occupational layers since our emphasis is on the character of the natural sediments. Therefore, it is very unlikely that the D fractions of the various samples represent comparable parts of the living areas.
A more reliable estimate of the intensity of habitation is the abundance of cultural debris in the C fraction of the samples, although we are dealing with the same samples and thus the same limitations mentioned.
Nevertheless, statistically there is a greater likelihood that the quantity of smaE1 chips and fragments of bone and flint in the C fraction will be more representative of the intensity of habitation than will be a handful of larger flints and bones in the A fraction, especially for the less rich habitations. For example, the presence or absence of a single large flint fragment can make a great difference in the weight percentage of the D fraction, whereas a few small flakes more or less in the C fraction will have but little influence on the percentage. An estimate of the cultural debris in the C fraction is also included in the column headed "Culture" in Fig. 2 . Both types of estimates show the relatively great intensity of habitation in Levels 4 and 5, as well as in Level 14. Without doubt, the values shown for Levels 2 and 3 are considerably underestimated because the samples shown here were taken a good distance away from the main concentration of cultural debris in those horizons.
The "Culture" column of Fig. 2 should be interpreted very conservatively, and perhaps simply in terms of the presence or absence of cultural debris in a given sample.
Eolian Sediment. Sediment blown by the wind from the Vezere floodplain into the Abri Pataud must have been limited to fine sand and silt sizes. There are the sizes most easily transported by the wind, and these are the sizes of sediment found in the floodplain (samples AP 15-1 and 15-2).
The problem of separating the eolian and the limestone components of the eboulis matrix cannot be resolved, however, in terms of the grain-size distributions.
Although the Vezere sand is somewhat less well sorted than the insoluble residue of the limestone, it does fall into the same size class, mainly between 0.25 and 0.063 mm (Fig. 8B) . Arguments based on the heavy mineral suites discussed are more decisive; in certain strata the sandy matrix must have come predominantly from the floodplain, e.g., Eboulis 3/4:Red and the base of Level 5. The sandy matrix of other strata shows varying degrees of mixture of the Vezere and the limestone heavy mineral suites.
Bedrock Contribution.
The contribution of the limestone bedrock to the Abri Pataud fill is in part extremely obvious and in part a question of interpretation. It is certainly obvious that large sections of the former bedrock roof collapsed and became incorporated into the sediments.
Furthermore, all the rock fragments in the eboulis, with the exception of the volumetrically rare river stones brought in by man, are of limestone of the same kind as that composing the roof and walls of the abri. Thus, there can be no question about the source of the rock fragments.
The source of the fine sedi- Note the poor degree of sorting and especially the increase in the abundance of clay-size particles in samples AP 17-1, 2, and 3 relative to AP 17-4 and 5. Dashed curve shows similarity between these curves and those in 11B. B (below).
Decalcified bedrock.
(Samples 2-3, 10-11, and 16-l), modern Bboulis (8-l), sand from the barn wall (9-7) and Vezire sand (15-1). The Vezere sand has a distinctly different granulometry, and bedrock lo-11 is definitely finer than the other rock samples, although just as well sorted.
mentary matrix that fills the spaces between the rocks is another question, and we have already seen that the study of the heavy mineral fraction reveals that there has been a considerable contribution of sand blown from the floodplain in certain strata, and probably at least a minor contribution to all strata. However, the sandy matrix of the unweathered strata in the abri with as much as 60-90% carbonate must have been derived principally from the limestone be-cause the Vezere sand contains only 2-6s CaCOs . Further arguments against a floodplain origin for the bulk of the sediment in the Abri Pataud are the smaller median grain size (Fig. BB) and the color of the Vezere sand, a dark reddish brown (5 YR 3/4, moist), in contrast to the very pale yellow (2.5 Y B/6, moist) of the bulk of the unweathered Cboulis in the abri.
It can, therefore, be concluded that the vast majority of the matrix of the Abri Pataud Cboulis came from the disintegration of the local bedrock.
Only those strata with an overwhelming Vezerelike heavy mineral suite and a reddish brown color should be considered as sediments strongly influenced by wind-transported Vezere sand, specifically, Eboulis 3/4: Red, the basal layers of Level 5, and Eboulis lo/11 : Wash.
From the point of view of paleoclimatology, it is interesting to ask the question whether limestone Cboulis such as that filling the Abri Pataud is still forming today. The present-day rockshelters along the Vezere valley do not seem to be accumulating rock fragments on their floors, but this may be a misleading observation since it is not known in many cases to what extent these rockshelters have been cleaned out by the local people in very recent times.
On the other hand, in the smaller niches that extend more or less horizontally along the limestone cliffs and that have not yet developed into full-sized rockshelters, one can observe spalling of the rock face and the accumulation of the spalls on the adjacent ledge.
When this spa11 debris first forms it is much more tabular than the rock fragments found in the abri sediments, but after exposure for a few years on the ledge the fragments break down into more nearly equidimensional pieces, resembling very closely the smaller rock fragments of the Warm-age eboulis. Moreover, these rock fragments are rather angular.
On the other hand, rock fragmerits fist-size or larger are rare in the modern accumulation. The mechanism that produces this spalling is not yet clearly demonstrated. Although the rock fragments in the abri are attributed principally to freeze-thaw action, the occurrence of spalling in areas of seeping water and vegetation on the cliff face suggests the possibility of wetting and drying of the limestone face as a mechanism that encourages spalling. Furthermore, freezing temperatures are rather uncommon under the present climate of the Vbzere valley.
Measurement of the rate of accumulation of the presently forming'eboulis was begun by the late John P. Miller and is being continued by the present writer, but a definitive study of the processes currently operating on such a cliff face under the present climate remains to be done.
Variation Within the Primary Sediments
General. The parameters considered of major importance in characterizing the original, unweathered sediments in the Abri Pataud are (a) the size and abundance of rock fragments, i.e., the A + B fraction, (b) the size and degree of sorting of the fine, or C fraction, (c) the heavy mineral composition of the C fraction, and (d) the presence and abundance of travertine concretions.
The original sediments are also characterized by certain other' parameters shown on Fig. 2 , such as the CaCOs content and clay mineral composition, but these parameters are best discussed in terms of the postdepositional changes that they have undergone (see next section).
The abundance of rock fragments (A + B fraction) in the eboulis is shown in Fig. 2 , and their size distribution is shown by the six bars at the left in each histogram in Fig. 5 . In general, the percentage of A + B fraction oscillates around 50-60s of the total sample, although there are some marked deviations.
For example, some layers of dboulis sets (openwork rubble) are composed of as much as 75% A fraction and that is dominated by quite large fragments; compare samples AP 3-3, 3-6, 10-15, and 6-10 on Figs. 2 and 5. In contrast, some strata of fresh, unweathered eboulis have relatively little A + B fraction, as little as 30-35s in AP 5-3 through 5-5 and in these cases the rock fraction is composed of relatively small limestone fragments (see Fig. 5 ).
Role of Freeze-Thaw Action. It has been generally considered that the size and abundance of rock fragments in the A + B fraction of such rockshelter sediments are a direct function of the intensity of frost shattering of the bedrock walls of the shelter (Bonifay, 1956 (Bonifay, , 1962 Fig. 5 show the size distribution of the eboulis to be polymodal.
At least two modes are evident in nearly all the histograms, and in many of them three distinct modes can be seen, for example in samples AP 5-1, 5-2, 5-6, 5-8, 12-11, 10-16, 10-18, 10-21, 10-22, 10-23, 6-3, 6-7, and 6-11 . These modes fall into the following size classes: 64-16 mm, 8-4 mm, and 0.250-0.125 mm. The smallest of these modes is in the C fractions of the samples and corresponds to the principal size of the sandy particles constituting the local bedrock, as well as to the median size of the Vezere river sand (compare Fig. 8B ). Both of the larger modes are composed of fragments of the local bedrock, and both fall into the range of sizes obtained in the freezethaw experiments mentioned.
However, the largest rock fragments, those between the 60 and 100 mm, are perhaps not the direct products of frost activity at all. Among the Abri Pataud samples, those with a mode near 100 mm are found in beds of Bboulis sets (openwork rubble), with few exceptions.
Fur-thermore, most of bboulis sets are found in association with prominent rockfalls which are represented by huge blocks of limestone generally one to several meters in length. The weaker portions of these blocks undoubtedly shattered upon impact, and that shattering-not frost action-produced the coarse 6boulis sets. It would be unrealistic to attribute such a coarse layer to frost action, although the successive roof collapses were certainly the ultimate result of the progressive undercutting of the rockshelter overhang during previous frost activity.
Therefore, it appears that the Abri Pataud eboulis can be explained as follows: (i) the coarsest mode, >16 mm, appears to be largely the result of shattering of roof blocks as they collapse, although there probably is some contribution to this mode by freeze-thaw activity, (ii) the two finer modes coincide exactly with the granulometric results of the freeze-thaw experiments cited previously, and (iii) the finest mode, 0.250-0.125 mm is mainly the result of the reduction of the bedrock to its ultimate components by freeze-thaw activity, but it has been augmented to a greater or lesser degree by a windblown contribution from the floodplain, as discussed previously under the heading of "Heavy Minerals."
The majority of the samples contain both of the coarse modes; 45 of 59 samples contain the >16 mm mode, and 33 samples have a distinct mode in the 4-to 2-mm interval, while seven or eight others have a more diffuse mode in this interval.
With the exception of nine samples with only the very coarse (>16 mm) mode (kboulis sets) and three samples with only the sand-sized mode (weathered horizons), all the samples above AP 3-6 and below AP lo-10 are quite similar.
Between the horizons of those two samples just mentioned, however, the character of the sediment tends to be different.
There the 4-to 2-mm mode, which is strongly correlated with frost activity according to the experimental results, is lacking in most samples, and there is commonly a greater percentage of fine fraction than coarse fraction, especially in the AP 12 series. The reduced importance of the 4-to 2-mm mode must mean a reduction in frost activity during the time represented by those beds. The increase in the fine mode appears to be primarily due to an increase in the windblown component, and this is confirmed by heavy mineral studies.
Therefore, from the granulometric analysis one can conclude that the time from the beginning of sediment accumulation in the Abri Pataud until the close of Eboulis 5/6 was a period of frequent roof collapses and rather vigorous frost action.
The abundance of large limestone blocks in the Aurignacian layers and the occurrence of seven beds of dboulis sets constitute the prime evidence for this conclusion. This was followed by a time of lessened frost activity during the accumulation of the sediments of Level 5 through Eboulis 3/4:Red.
Several enormous roof falls occurred during this period, apparently preceded by extensive undercutting by frost. This was also a time of considerable eolian activity and, as we shall see, of two intervals of weathering.
Beginning with Eboulis 3/4: Yellow frost action set in once more with vigor, and judging from the smaller mean size of frost spalls one can conclude that the frost action was somewhat stronger than during the earlier periods represented at the Abri Pataud.
Moreover, there were fewer roof falls, and only three beds of kboulis sets were sampled in this interval.
Granulometry of the Fine Fraction. Among the primary features of the C fraction, the median grain size and the degree of sorting show a few interesting variations. The Trask coefficient of sorting (Fig. 2) , with one or two exceptions, remains constant in the range 2.0-2.5, i.e., moderately well sorted. The median grain size also is rather constant at or somewhat less than 0.2 mm. These values are exactly those found for decalcified samples of the local bedrock ( Fig. 8A  and 8B ), and they form one of the arguments for the hypothesis that much of the sedimentary matrix came from the disintegration of the bedrock. On the other hand, Eboulis 3/4:Red is much finer and more poorly sorted.
Other characteristics of this stratum, however, indicate that we are dealing with a weathered horizon. The cumulative curves of decalcified sediment of the AP 17 series (Fig. 8A) show clearly the smaller median and the poorer sorting of the uppermost three weathered samples (AP 17-1, 2, and 3) relative to the lower two relatively unweathered samples. The latter have curves identical to those of decalcified bedrock (Fig. 8B) , if one substracts the clay content (the dashed curve in Fig. 8A ). Moreover, all the curves of the AP 1'7 series are dissimilar to those of the Vezere sand (Fig. 8B) .
Trauertine Concretion. The final characteristic of the primary sediment to be discussed is the presence of travertine concretion on the faces of certain rock fragments. Its abundance varies considerably (Fig. 2) , and its intensity varies from stratum to stratum. In general where the concretion is very abundant, i.e., where it is present on 50% or more of the fragments (by weight), it is also strongly developed.
Travertine concretion is particularly abundant in four different levels: the surface of Level 2 (AP 5-6), in Eboulis 2/3 (AP 2-5), just above and just below Level 11 (AP lo-23 and 6-l), and in Basal Eboulis (AP 6-9). Throughout the rest of the section the abundance of travertine concretion remains, in general, below 20%, and in a few layers it is absent altogether.
The paleoclimatic interpretation of travertine concretion in this climatic region rests on the assumption that moisture is necessary for the solution and translocation of the CaCOs from the limestone into superficial cracks where it is precipitated by evaporation. Accordingly, an increase in the abundance of concretions is interpreted as being produced by an increase in available moisture.
Modification of the Primary Sediments
Some of the original sediments have undergone modification since the time of deposition, and these modifications can be measured in terms of rounding, porosity, and soil concretion in the rock fraction, and calcimetry, pH, and clay minerals in the C fraction.
Rounding and Porosity. These parameters must be considered together.
The rock fragments are very angular when first formed by freeze-thaw activity, but they may become more and more rounded as the result of mechanical wear or chemical solution.
Rounding due to mechanical wear can be distinguished from that due to solution by means of simultaneous observations on the porosity of the fragments.
High roundness together with low porosity similar to that of the local bedrock indicates that physical abrasion was the cause of the roundness.
In contrast high roundness and high porosity occurring together point to chemical weathering that attacked the intergranular cement of the rock at the same time as it attacked the external corners.
In the Abri Pataud no stratum contains a very great number of well-rounded fragments; most samples contain roughly 50% angular and subangular fragments and 50% subrounded to rounded. Two levels are, however, dominated by subrounded and rounded fragments, one is the Basal Eboulis and the other is Eboulis 3/4:Red through Level 5 complex.
The two lowermost samples of the basal eboulis (AP 6-10 and 6-11) have about 70% of their fragments more rounded than angular.
These fragments, moreover, have a relatively high porosity indi-eating that they have been subject to considerable solution. This solution apparently resulted from the concentration of groundwater flow at and near the bedrock floor of the abri. The lowermost lo-20 cm of the Basal Eboulis are tightly cemented in a thick layer of stalagmitic travertine, which is additional evidence of the presence of groundwater.
Except for the uppermost level of Eboulis 3/4:Red (which' has very few rock fragments at all) the percentage of rounded and subrounded fragments remains constantly at 50-90% throughout the central part of the section, down to and including the very top of Eboulis 5/6 (AP 12-11).
In these same layers are found the highest porosity values, although the porosity is not as consistently high as is the roundness. The porosity is nearly 10% in Eboulis 3/4:Red, it drops to average values in Level 4 and quite low values in Eboulis 4/5; and then rises again to about 9% in the top of Level 5 and 8% in the very top of Eboulis 5/6. Here again as in the Basal Eboulis, relatively high roundness and high porosity occur together, suggesting that solution of the limestone fragments has been the common cause, No stratum in the Abri Pataud seems to have undergone mechanical rounding in the absence of chemical solution, although this phenomenon is known from some other Dordogne rockshelters in which well rounded, low-porosity eboulis (called dboulis concass~s) are attributed to grinding during cryoturbation.
Soil Carbonate. Concretionary soil carbonate is evident in four horizons in the Abri Pataud. In the two uppermost samples (AP 5-l and 5-2) this carbonate is certainly related to the modern soil currently developing on the eboulis. In these samples 60-75% of the fragments (by weight) are partially coated with soil carbonate. This is a greater abundance than in any bed within the abri proper, but it is comparable to the development of soil carbonate in certain layers on the talus slope in front of the abri (AP 14 series, see Fig. 2) .
A major concentration of soil concretions begins in Eboulis 3/4:Red and builds to a maximum in the underlying Level 4. As we have seen above, Eboulis 3/4:Red is rich in clay, and contains rounded, porous rock fragments that are few in number.
With the presence of these indicators of weathering it is not surprising to find a concentration of soil carbonate at the base of this layer as another indication of pedogenesis.
Another strong peak, in reality a double peak, of soil carbonate occurs in Level 5. Once again, other characteristics of weathering, such as the dominance of the fine fraction, relatively high roundness and high porosity, correlate with the soil concretions to indicate that we are dealing with another weathered horizon. Moreover, all of these parameters show a greater intensity of weathering at the top and at the base of Level 5 and a distinct interruption at the level of samples AP 12-7 and 12-8.
Consideration of soil carbonate concretions leads us directly to the subject of calcium carbonate content in general. The CaCOs-equivalent has been determined for the C fraction of all the samples, as explained previously, and we find that the C fraction of apparently unweathered eboulis contains from 60 to 90% of material soluble in HCl. The decreases in CaCOs-content are, once more, indications of weathering of the eboulis after its formation.
CaCO, is among the first components of the sediment matrix to be removed by groundwater leaching. No further remarks are necessary concerning Eboulis 3/4:Red and Level 5 in which we have already noted numerous other indices of weathering.
Moreover, we can note in passing that in both of these cases where one finds a notable decrease in CaCO, content, one also finds strong indications of soil carbonate con-cretions in the immediately subjacent strata.
Eboulis This interval of weathering or stability as seen at the Abri Pataud is not a major one, but it provides some support for regional correlation of climatic intervals (Farrand, in press ).
Clay Minerals. Clay mineral studies were useful at the Abri Pataud as a general guide to postdepositional alteration of the sediments.
As mentioned earlier, montmorillonite is the least stable clay mineral species under the present climate of temperate Europe. In the Abri Pataud one finds the percentage of montmorillonite remains relatively high and constant, at about 40 or 50%, both above and below the major weathered complex of Eboulis 3/4:Red through Level 5. In that weathered complex, however, montmorillonite drops to 20 or 30%, thus furnishing another index of weathering in those strata. Unfortunately, the determination of abundance of the various clay minerals is semiquantitative at best, and it would not be wise to interpret the percentages shown on Fig. 2 
CLOSING STATEMENT
The purpose of this article has been to present concepts and techniques currently being utilized in the sedimentological study of prehistoric sites located in rockshelters and caves. As stated previously, these techniques are being widely used in the Old World, but they are relatively unknown in the Americas, largely because of the language barrier. The Abri Pataud has been used as an example of a typical site situated in western Europe under a temperate, frost climate. The components considered important in the study of such a site are the coarse, angular rock fragments (eboulis) resulting from the breakdown of the enclosing bedrock, the eolian sediments blown into the site from the adjacent floodplain, and to some extent the occupational debris left behind by prehistoric man. Frost action has been considered as a major contributor to the coarse fraction, and the relatively unknown role of spalling due to wetting and drying has been discussed. Moreover, it is thought that the large limestone blocks up to several meters across and the openwork eboulis sets are due primarily to collapse of the over-hanging brow, which is the indirect result of centuries of undercutting by frost and solution.
The techniques utilized are largely those with which the sedimentologist is already familiar, but adapted to the special conditions of such a site. In addition, there is a major emphasis on granulometry and shape studies of the coarse fraction up to 100 mm diam. Study of such coarse materials requires collection of samples up to 15-20 kg in order to assure a statistically valid sample size. The results of such a study can be utilized in two different ways. In the first place, certain paleoenvironmental interpretations can be made, and these can shed light on the habitat of the prehistoric men that lived in the area. These conclusions can lead to answers to questions about the effect of climatic change upon cultural evolution, for example. On the other hand, the study of a number of different sites in a given region can lead to a means of correlation among the sites on the basis of regional climatic changes recognized in the sediments. However, caution must be exercised in drawing regional conclusions from the study of a single site. The role of the Abri Pataud in the interpretation of regional climatic and chronological sequences is discussed elsewhere (Farrand, in press) , and for a comprehensive study in this area one can consult Laville (1964,197l) .
Finally it must be added that some of the techniques employed here are no longer pertinent when one moves to another climatic zone, and other techniques become important.
For example, in extending such studies to the semiarid coastal Near East I have found that the role of frost action, so important in western Europe, becomes negligible in many cases (Farrand, 1972) . Thus, those interpretations used in this paper based on the size and abundance of frost spalls and frost blocks are eliminated.
This observation brings us back to the very important conclusion, emphasized by many others before me, that in the study of rockshelters and caves we are involved in the study of very specialized niches. Each site must be considered as a separate entity with its sediment accumulation being controlled by numerous variables, the combination of which may not be found in any other site. By extension, the same sorts of variations found in sites under different climatic regimes may not be amenable to the same interpretation. Only the generalizations drawn from the application of these techniques to a great number of sites can lead to valid regional conclusions.
Finally, one reviewer has, pointed out that the variations in the parameters reported here are small and in some cases hardly beyond the range of variation in the parent rock. Although this tends to be true in some cases, the variations measured are consistent from place to place in the site and, therefore, believed to be real variations, worthy of detailed study. Weathering is a gradual, progressive phenomenon, and that which we observe in such rockshelter sediments commonly records only the initial stages of the weathering process.
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